using 12.5 grams of glue to attach a 75 kg human to the ceiling.
The article by Buttstedt and colleagues [7] is significant on three levels. Firstly, at the functional level, they identify the underlying additional function of the two main proteins in royal jelly. Secondly, this provides convincing evidence that will undermine the idea that the proteins in royal jelly have to have a caste-deterministic function, and assist in overcoming an outdated paradigm, thereby allowing us to re-focus our research efforts. Thirdly, the adhesive properties and the fact that the fibril network is pH dependent could also open up new avenues in other more distantly related fields. Understanding the adhesive properties of royal jelly in concert with the properties of the larva itself might yield results applicable in other fields, such as use of bioadhesives in medical research.
As the authors of the study state themselves, this new finding reveals a highly adaptive solution to two aspects of raising a queen -feeding the larva excellent food, and providing it with a two-component adhesive ensuring that future queens stay on top. And indirectly, they answer the third question -what does it take to make a queen? Just stay on top! An animal's position within a group affects feeding -front positions generally offer richer pickings. However, a new study shows that position can be influenced by feeding because big meals reduce scope for locomotion.
The costs and benefits of group-living are usually not equally shared between group members and often depend at least partly on the spatial positions individuals occupy within groups. Front positions, for example, provide greater opportunity for feeding [1] [2] [3] , better access to preferred food items, and are indeed the preferred positions of hungry individuals [2] . But being at the front of the group also has its downsides, because energy expenditure for locomotion is greater [4] [5] [6] , and it increases predation risk [7] . Hence, the conventional assumption for fish schools, for instance, is that hungry individuals adopt front positions where they feed at high rates for a while and then return to central school positions to minimize risk. Individuals are, therefore, expected to rotate spatial positions depending on their nutritional state, and only take up risky front positions when they need to. A study in Current Biology by Stephanie McLean, Shaun Killen and colleagues [8] now sheds new light on the issue of position rotation in groups. Their results show that minnows (Phoxinus phoxinus) that fed at high rates in front positions eventually have to drop back to central or rear positions in the fish school because of reduced aerobic scope for locomotion as a result of higher metabolic demands due to food processing (i.e. specific dynamic action).
McLean et al. [8] used video analysis to determine the behaviour of individual fish within replicate schools of six fish. Metabolic rates were measured as oxygen consumption using intermittent closed system respirometry, either while the fish were resting (standard metabolic rate), or immediately after exhausting activity (maximal metabolic rate). The difference between maximal and standard metabolic rate is the aerobic scope, which represents the energy available for activity and other energyconsuming processes. McLean et al. [8] show that individuals at the front of the school capture most food items, and that the mean position of individuals within schools is repeatable. Larger fish eat more food, but standard metabolic rate or aerobic scope does not predict the amount of food consumed by individuals. Interestingly, however, fish that consume more food items also move towards more posterior positions within the school. Concomitant with this change in position, increased amount of food eaten also leads to increased standard metabolic rates, and hence reduced aerobic scope, as a result of specific dynamic action. Fish with the least aerobic scope left over after feeding also show the greatest change in position.
The study of McLean et al. [8] identifies an important physiological correlate of taking up front positions, which was hitherto overlooked in the discussion that focused on how much risk individuals might be willing to take for the reward of higher feeding rates. Animals may be at the front because they will encounter more and better food items. The question now is whether the well-fed fish at the front drop back in position within the school because they are satiated and avoiding risk becomes the dominant motivation or, as McLean et al. suggest, because they have to drop back because feeding itself reduces the energy available to stay at the front. Fish at the back swim at more or less the same speed as those at the front, but swimming is cheaper at the back because of the hydrodynamic advantage of swimming in other individuals' wake [5] . The study of McLean et al. [8] is a nice example of a growing trend to integrate physiological constraints into models of behavioural strategies in a social context [9] . What is particularly elegant in their work is a predictive model, which allows an estimate of how much aerobic scope each fish should have left based on size, amount of food intake, and the time since feeding. This model is an important aspect of the study because it showed that fish with the least aerobic scope available after feeding showed the greatest change in position.
Highly controlled laboratory studies such as the one by McLean et al. [8] often beg the question of ecological realism because of the artificiality of the conditions and the small group sizes that are investigated. In this context it is satisfying that their work recaptured aspects that are known from large schools of Atlantic cod (Gadus morhua) [3] which, for example, also showed consistent differences between individuals in the time they spent in front positions (with larger ones spending more time up front and obtaining more food items). Group hunting and attack formations of large pelagic predators such as cod, tuna and billfishes ( Figure 1 ) have been relatively little studied in comparison with terrestrial species such as African wild dogs (Lycaon pictus) and lions (Panthera leo) [10] . However, high-resolution sonar technology and drone-use should open up new avenues for investigation in future.
The identification of specific dynamic action as a physiological constraint also provides an alternative explanation of why animals give up front positions from the conventional view that predation risks are higher in front positions, which does not apply as broadly as previously assumed. Real life -as so often -is considerably more complex. While there is good empirical support for Hamilton's selfish herd model, which predicts predation to be higher on the periphery, generalisations to mobile groups are less well supported. Recent work has shown that much depends on the attack strategy of the predator and the avoidance behaviour of the prey groups [10] . In contrast, variation in energetic costs of occupying different spatial positions combined with feeding-induced decreases in aerobic scope provides a promising framework for future work on positioning behaviour of individuals in groups, and it has interesting implications for leadership.
In recent years, a change of perspective has taken place regarding leadership in animal groups. Leaders are not necessarily only those individuals that are dominant, bold and big [11, 12] . Instead, any individual that has relevant information can have a strong influence on the direction of locomotion, thereby facilitating the movement of groups towards food or away from risks [13] [14] [15] [16] . The new work by McLean et al. [8] is highly relevant to this debate because it identifies a tendency for consistent differences between individuals to occupy front positions and at the same time highlights that all individuals are subject to certain physiological constraints.
This sets the stage for exciting work in the future. First of all it would be interesting to find out more about what makes individuals different in terms of their positioning behaviour in long-term studies over several days or even weeks. This approach should help to identify characteristics that predispose individuals for leadership positions. Individual fish are known to have unique locomotor characteristics that continue to be present when they move in small groups but gradually disappear as group size increases [17] . Little is known about the causes of such individual variation and its consequences for collective decision-making. Second, long-term experiments would be important to learn more about the time scales at which individuals rotate positions as a result of physiological constraints. In particular, the time course of the specific dynamic action effect is relatively brief. In environments that are not food limited, it may be expected that there is a constant rotation of position as fish at the front feed and fall back in position, followed by the next rank of fish feeding and falling back, and so on. Any effect of specific dynamic action would therefore be averaged out over time. The situation would be different if food is limited so that not every individual in the school feeds, or individuals feed on different amounts. In this case, feeding-induced reduction in metabolic scope would have a differential effect on individuals, which may have consequences for leadership and group behaviour. Individuals in front positions are known to have a disproportionate influence on movement decisions [18] and long-term experimental studies would allow to identify the relative contributions that different individuals are likely to make to such decisions. Lastly, an interesting next step would be to determine the proportion of aerobic scope that is actually taken up by moving fish. Metabolic rate increases with increasing speed, but the cost of transport, that is the metabolic cost of moving a given distance, decreases with speed at least up to a point [19, 20] . Depending on the speed of the school, which may vary with nutritional status and other environmental factors, it may be that aerobic scope becomes more or less limiting.
In conclusion, the study of McLean et al. [8] highlights the importance of physiological constraints when it comes to taking up different school positions. Their results suggest that fish eventually abandon front positions not because they want to but because they have to after consuming large meals. These results therefore provide an important alternative to the conventional view of a trade-off between risk and reward for front positions and have important implications for the self-organisation of social systems in terms of leadership. 
